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A B S T R A C T
Walsh, Roberta, M.S., November, 1992 Botany
Demography of Sapphire Rockcress (Arabis fecunda Rollins: 
Brassicaceae), a Rare Endemic Montana Species: A Thesis(95 pp.)
Director: Thomas Mitchell-Olds, Ph.D.
Individuals in five of the 13 known populations of the rare 
endemic edaphic species Arabis fecunda Rollins were 
intensively monitored over a two year period in an attempt to 
discover specific demographic and phenotypic variation over 
time that would relate to trends in overall recruitment and 
Death of individuals and seedling establishment 
within the two transects of each population were recorded. 
Phenotypic characters measured were basal rosette number, 
height and diameter of largest or only rosette, inflorescence 
number, height of tallest inflorescence, fruit number, and 
bolting behavior. Descriptive statistics for each
morphological character were prepared for each population for 
each year to determine how these characters varied spatially. 
A repeated measures analysis was performed on morphological 
characters of plants that survived both years to determine how 
these characters varied temporally. A size structured matrix 
procedure using reproduction and transitions from one size 
category to another was used to determine lambda, the 
asymptotic growth rate of a population. And multiple
regression procedures were used to determine the effects of 
correlated phenotypic characters on components of fitness.
In all five study populations, lambda was less than one, 
indicating that the populations were decreasing. The absolute 
numbers of all individuals in all populations decreased, but 
the ratio of recruitment to death varied greatly among 
populations. The characters which most influenced survival 
and reproduction were size of basal rosette (in a positive 
direction) and bolting (in a negative direction).
The results from this two year period of monitoring indicate 
that the prospects for the survival of this rare endemic 
species are not bright, but more years of monitoring may 
moderate this view. This study highlights the importance of 
intensive monitoring of individual members of populations with 
respect to demographic and phenotypic characters in order to 
learn crucial life history characteristics. This knowledge is 
absolutely necessary if intelligent management decisions are 
to be made.
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INTRODUCTION
In order to protect an organism from extinction, its life 
history and population dynamics must be understood. 
Demographic and selection analyses can provide important 
information on population change and evolution in natural 
populations. In the case of a rare plant species, an 
appropriate initial step is the intensive monitoring of 
individuals in representative populations. By measuring 
demographic and phenotypic variation over time, one may 
discover trends in overall recruitment and mortality and 
identify particularly vulnerable stages in the life cycle 
(Menges, 1986). Rare species also offer an opportunity to 
study most of the existing populations of a species, a 
circumstance which cannot be approached with more common 
organisms.
Until recently most ecological studies, including those 
involving rare plants, have been concerned with descriptions 
of vegetation and correlations of vegetation with physical 
factors such as soil and climate. However, interest is 
turning to studying how ecosystems function. To accomplish 
this, there must be "concentrated observation at the fine 
level of the individual organism on which natural selection 
acts" (Harper, 1984).
Much of the study of rare organisms has centered on 
genetic variation, or lack thereof, within these species.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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However, Lande (1988) has suggested that in most cases 
demographic fluctuations are more likely to cause extinction 
of endangered species than are deleterious genetic effects of 
small population size. Mathematical models and simulation are 
"powerful tools for discovering the logical consequences of 
assumptions about the biology of a system" (Venable, 1984), 
But there may be more than one model that fits the data and 
assumptions. Only long-term monitoring of an organism can 
determine how its current biology has developed in response to 
its past history of interaction between genome and 
environment. This study will estimate rates of change in 
population size and ask which parts of the life cycle have the 
greatest influence on population survival.
BIOLOGY of Arabis fecunda
Arabis fecunda Rollins (Sapphire rockcress) in the family 
Brassicaceae (Rollins, 1984) is a rare edaphic species found 
only in the Sapphire and East Pioneer mountain ranges of 
western Montana, USA. All known populations occur on light- 
colored, sandy, highly calcareous soils derived from 
metamorphosed calc-silicate outcrops. These populations are 
found on fairly open soil associated with steep eroding 
slopes. Calc-silicate outcrops are rare in western Montana, 
and most of them have been searched but have not yielded 
populations of A. fecunda. The soils which support A. fecunda 
populations are unusual in having a calcium to magnesium ratio
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of 300:1 (Lesica, 1985) . In a representative analysis of arid 
region soils the usual calcium to magnesium ratio was 1.7:1 
(Boyd, 1974). All known A. fecunda populations range in 
elevation from 1220 to 2590 meters (Schassberger, 1988).
Arabis fecunda is a small perennial with simple or 
branched caudex and one or more rosettes of basal leaves. The 
leaves and stems are greyish—white with a dense cover of fine 
dendritically branched hairs. The basal rosette leaves are 
petiolate, 1 - 3  cm long and 2 - 4  mm wide. Stem leaves are 
sessile and 7 — 20 mm long. The flower stems are 1 — 3 dm 
high, unbranched if lateral, and with some branching if 
bolting has occurred and therefore the flower stem is central. 
Most of the flower stem length is devoted to flower and fruit 
production. The four petals are white to slightly purplish, 
9 - 1 3  mm long and 3 - 5  mm wide. When flowers first appear 
they are close together on the stalk, but the internodes 
lengthen as fruits mature. The fruits are held nearly erect 
along the stem and are densely hairy. The siliques are 3 -5 
cm long, about 1.5 mm wide, and compressed between the seeds 
at maturity. The fruits are often produced in great numbers. 
Each fruit contains two rows of seeds, the rows being 
separated by the septum. The seeds are generally
suborbicular, narrowly wing-margined all around and about 1.2 
mm in diameter. In non-bolting plants, lateral flowering 
stems can develop from within the rosette of leaves and grow 
horizontally outward and then upward. If bolting occurs, the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4
flowering stalk arises from the meristem at the center of the 
rosette. In this case the basal rosette almost always dies. 
Very occasionally both forms of flowering stems are found 
together. Figure 1 provides an illustration of a
representative Arabis fecunda plant.
In the spring of 1989, I determined that no apomixis 
occurred in individuals tested at four of my five study sites. 
From five to seven unopened flower buds on each of twenty 
plants at each study site were treated. At this stage of 
flower development the anthers have not dehisced and the 
unopened flower has not been visited by insects which might 
bring in external pollen. Therefore the stigmatic surface of 
the flower is pollen—free. I removed the six anthers from
each flower, marked the flower, and bagged the plant to
prevent later insect visits. In no case did any seed pod
develop from a flower receiving treatment. This result was 
not due to death of the flower because of handling, since the 
stigma remained green over several days. At least at these 
four study sites, Arabis fecunda does not appear to set 
asexual seed in the absence of pollination.
Also in the spring of 1989, Matthew Hamilton (Pers. 
comm., 1989, 1990) and I determined that at these sites Arabis 
fecunda is self-compatible, producing apparently full seed set 
with self pollen. Arabis fecunda is also fully fertile with 
outcrossing,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1
Scientific name: A rabis Jecurvda Rollins 
Common name: Sapphire rockcress 
Family: Brassicaceae
Habitat: Metamorphosed calcareous slopes
Location: Beaverhead. Ravalli and Silver Bow 
Counties in southwestern Montana 
Status: "Globally endangered" (The Nature 
Conservancy)
An illustration of a Representative Arabis fecvnda Plant'
From Kelseya, Newsletter of the Montana Native Plant 
Society, Vol 2. No. 1 (Fall, 1988)
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Survival and Reproduction
Individual fitness may be partitioned into components 
representing survival and fecundity, the primary fitness 
characters. Demographic studies attempt to identify what 
morphological and phonological characters of the plant 
influence fitness.
Survival can be measured by the careful marking and 
monitoring of individuals over time. Reproduction is more 
difficult to measure, since there are several components to 
reproduction in an hermaphroditic plant. Yearly fruit 
production measures a component of reproductive success. 
Inflorescence number and height are also estimates of the 
energy invested in reproduction.
Age is often a good predictor of size and reproductive 
performance in mammals, and it has been used as a predictor 
variable for some plants as well. However, age is often a 
poor predictor for plants. Size or growth stage is usually a 
much better predictor of demographic characteristics for an 
individual plant (Menges, 1986; Harper, 1977). For example, 
many plants exhibit size-specific rather than age-specific 
birth and death processes, and the age at which a certain size 
is reached is variable (Hubbell and Werner, 1979). However 
combined age and stage data generally lead to a better 
understanding of population dynamics and response to 
environment than can be obtained from either alone (Cohen, 
1979; Lefkovitch, 1965; Hubbell and Werner, 1979).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Size has been shown to be a good predictor of individual 
fitness in plants in both agricultural and natural 
populations. In high density even—aged single—species stands, 
a natural thinning process occurs. As the mean weight 
increases, smaller individuals die more often than their 
larger cohorts (Sarukhan et a l . , 1984; Harper, 1977). In some 
populations of Arabis fecunda, seedlings are very close 
together, and this thinning process may well occur. Later 
mortality of adult plants may also be size related.
A plant may also reproduce itself vegetatively, but in 
doing so it may curtail sexual reproduction. In the case of 
Arabis fecunda additional rosettes can be produced at the same 
time that lateral flowering stems arise. These lateral stems 
generally produce many fewer total fruits per plant than does 
the central stem of a bolting plant. However, with bolting 
the entire plant almost always dies.
ANALYSES
To determine how morphological characters vary spatially, 
a table of means, standard deviations, and standard errors for 
each measured character within each population for each year 
was constructed. To determine how morphological characters 
vary temporally, a repeated measures analysis (Sokal and 
Rohlf, 1969) was performed comparing first and second year 
data for each plant that survived that period within each 
population. However, this procedure confounds genetic and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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environmental differences and therefore is of limited 
interest.
Another approach to the question of demographic variation 
over time is that of a size structured matrix procedure 
(Caswell, 1989; Menges, 1986). Using reproduction and 
transitions among categories from one year to the next, the 
asymptotic growth rate, lambda, can be determined. The
categories into which individuals were placed are:
1) Seedling: rosette less than 8 mm in diameter 
(current year seedlings were never observed 
to achieve a diameter greater than 7 mm) ;
2) Juvenile: rosette equal to or greater than 8 mm
and less than the smallest size at which
reproduction occurs at a study site;
3) Non—reproductive adult : rosette diameter of a 
size to be reproductive, but the individual has 
not produced an inflorescence;
4) Reproductive (non—bolting) adult;
5) Bolting adult: an individual which has converted 
the central rosette meristem to an inflorescence.
A transition matrix, Aŝ s, was estimated empirically from 
1990-1991 data, and the largest eigenvalue of A, designated X,
was calculated to estimate the asymptotic growth rate.
It is important to know what characters influence 
survival and reproduction. To determine the effects of 
correlated phenotypic characters on components of fitness.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
multiple regression procedures (Sokal and Rohlf, 1969) were 
used. The dependent variable, fitness, was measured in terms 
of both survival and fruit number.
OBJECTIVES
There are three specific questions this research 
addressed with respect to Arabis fecunda:
1) How do population dynamics vary spatially and 
temporally?
This question was addressed by comparing recruitment and 
loss of individuals within and between populations between the 
two years. This is particularly pertinent in view of the 
current discussion as to whether demographic fluctuations may 
in the short run have more impact on populations of rare 
organisms than do the genetic effects of small population 
size.
2) What are the values of some important life history 
characteristics of this species?
This question was addressed by intensive monitoring of 
individuals over time with regard to birth, death, and 
reproductive effort in relation to the stage of an individual 
in order to make it possible to identify particularly 
vulnerable stages in the life cycle of this species.
3) What are the projected outcomes for the study 
populations of this species?
This question was addressed by recording reproduction and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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transitions of individuals from one stage to another between 
years. These data were then used to calculate population 
growth rates (Caswell, 1989).
METHODS
Permanent quadrats were established in the fall of 1989 
and the spring of 1990 at five representative populations of 
Arabis fecunda (Table 1) . Of the 13 populations currently 
known, the study populations included what appeared to be 
thriving (Dewey Cemetary and Vipond Park) and declining (Jerry 
Creek) populations; locations included representatives of 
almost the entire range of altitudinal variation in the known 
populations of Arabis fecunda. The study sites were also 
chosen for their accessibility.
Within each of four of the study populations, 
approximately 500 individual plants in permanent quadrats were 
marked with colored plastic toothpicks in 1990, and their 
coordinates recorded. At the fifth site, Jerry Creek, which 
has a sparse, low density population, approximately 300 
individuals were so marked. For each plant, basal rosette 
number, height and diameter of largest or only rosette, 
inflorescence number, height of tallest inflorescence, fruit 
number, and bolting behavior were recorded. At Charlie'’s 
Gulch, the only population that had Centaurea maculosa Lam. 
(spotted knapweed) growing in it, distance to the nearest C. 
maculosa for each Arabis fecunda plant was recorded to a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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maximum of 300 mm. Due to the density of the knapweed 
infestation, in no case was the distance greater than 300 mm. 
Measurements were made to the nearest mm.
I returned to the permanent quadrats in the spring of 
1991 and recorded for each marked plant in each population: 
survival, basal rosette number, height and diameter of largest 
rosette (or only rosette), inflorescence number, height of 
tallest inflorescence, fruit number, and bolting behavior. 
Any new plants were also marked, coordinates recorded, and 
physical characteristics measured.
At Charlie's Gulch, distance to nearest Centaurea 
maculosa was again recorded. On the basis of observations in 
1990, it seemed possible that Euphorbia esula L. (leafy 
spurge) was beginning to invade this population, and plans 
were made to record its distance from each Arabis fecunda 
plant within the two transects. In the event, the leafy 
spurge infestation did not occur, and these latter 
measurements could not be made.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1 
Arabis fecunda Study Sites 
Location Slope Aspect AltitudeName
Charlie's Sapphire Mountains 
Gulch (USGS Quad: Corvallis,
Willow Mountain 
T6N R19W Sec. 20) 
Transect 1
Transect 2
28''
15'
South
South
1555 m 
1555 m
Jerry East Pioneer Mountains
Creek (USGS Quad: Wise River
TIN RlOW Sec, 31)
Transect 1 58°
Transect 2 24
Southeast 1805 m
Southeast 1836 m
Dewey East Pioneer Mountains
Cemetary (USGS Quad: Dewey
T15 RlOW Sec. 8)
Transect 1 45°
Transect 2 40
West
West
1780 m 
1774 m
Vipond East Pioneer Mountains
Park (USGS Quad : Vipond Park
T25 RlOW Sec. 8)
Transect 1 72°
Transect 2 72
South
South
2225 m 
2225 m
Lime East Pioneer Mountains
Gulch (USGS Quad: Twin Adams
Mountain
T55 RlOW Sec. 14) 
Transect 1
Transect 2
25 East
South
1957 m 
1961 m
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RESULTS
The Study Sites
The five study sites described in Table 1 (geographical 
locations mapped in Figure 2) have in common (as do all known 
Arabis fecunda sites) a very coarse soil derived from calc- 
silicate outcrops. But they vary considerably in other 
characteristics.
The Charlie's Gulch site is on the west slope of the 
Sapphire Mountains and is used as cattle range. Cattle travel 
through the study site, and where there are hoofprints, Arabis 
plants are often killed or sometimes moved a few centimeters. 
This is the only site infested with Centaurea maculosa 
(spotted knapweed).
Jerry Creek is in the East Pioneer Mountains. The study 
site is about one-half mile north of the Big Hole River. This 
is an exceedingly steep slope whose thin soil is almost devoid 
of organic material. The parent calc-silicate outcrop is 
producing rocks of from pebble to boulder size. Some of these 
enter the study site and may bury or move Arabis plants. The 
study site is also used as a trail by cattle, horses, elk and 
deer, as indicated by prints and droppings. The animals kill 
or move plants with their hooves, though there was no sign of 
mammalian predation on Arabis at this site.
Dewey Cemetary is in the East Pioneer Mountains close to 
Dewey, Montana, and about one—half mile south of the Big Hole
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2
i*
3^4*
Map of Arabis fecunda Study Sites in Montana
1. Charlie's Gulch
2. Jerry Creek
3. Dewey Cemetary
4. Vipond Park
5. Lime Gulch
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River. While the slope is steep, this is the study site whose 
soil has the most organic matter intermixed with the parent 
rock material. The soil also stays moist longer after rain 
than does the soil at any other site. Cattle, elk and deer 
move through this site, killing and moving plants. There were 
signs of mammalian predation on Arabis here.
Vipond Park is in the East Pioneer Mountains about eleven 
miles south of the Dewey Cemetary site. The study site is on 
a south—facing steep slope. The soil has somewhat more 
organic material than the Jerry Creek site, but the boulders 
are larger, and the movement of material downhill is 
considerable. Arabis seedlings at this site take advantage of 
open spaces, provided when boulders move, to form colonies in 
these bare places. The temperature and wind variations at 
this alpine meadow site are severe.
Lime Gulch is in the East Pioneer Mountains about ten 
miles north of Dillon, Montana, and about six and one—half 
miles west of Interstate 15. Being the site of an old lime 
quarry, which provided material for ore smelting, the soil is 
almost completely calc-silicate sand and rocks. There is 
almost no organic material. Because the site is in a steep- 
walled canyon, the hours of direct sunlight are fewer than at 
the other study sites. However, because the soil is so 
porous, it dries out quickly after a rain.
It should be mentioned that typically the number of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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plants in the transects within a population is not balanced 
because the first transect was selected to run through an area 
with a sufficient plant density to make the collection of a 
reasonably large sample size possible. The second transect 
was then chosen with the same criterion, but, since the first 
site was typically the choicest one, this second transect 
usually had a lower plant density than the first. Therefore, 
the possibility exists that the plants in the two transects 
may respond somewhat differently. Below, I will point out 
that there did indeed seem to be considerable differences 
between transects within populations for the years studied.
Descriptive Statistics
I began my statistical analyses by computing descriptive 
statistics for each of my populations. These analyses are 
summarized in tables in Appendix A. Table A1 presents plant 
numbers by population, transect, and year. Tables A2 through 
A9 provide counts, means and standard deviations, and the 
standard error of the mean for the plant characters rosette 
number, rosette diameter, rosette height, inflorescence 
number, inflorescence height, and fruit number. Frequencies 
were computed for bolting behavior (Table AlO) . For the 
Charlie's Gulch population the distance from each Arabis 
fecunda rosette to the nearest Centaurea maculosa plant was 
also measured, up to a maximum distance of 300 mm (Table All) . 
All measurements (as opposed to frequency counts) were in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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millimeters.
Two special cases deserve note. Descriptive statistics 
for rosette number are reported for plants with at least one 
rosette (x > 0) in Table A2, and also for all living plants (x 
> 0) in Table A3. Living plants included bolters, in which 
the basal rosette was dead or missing, and the very occasional 
atypical specimen which had lateral inflorescences, had not 
bolted, but had no basal rosette. In a similar way, 
descriptive statistics are reported separately for 
inflorescence number for all living plants (x > 0) in Table A6 
and for plants which had produced at least one inflorescence 
(x > 0) in Table A 7 .
In addition, the significance of the difference between 
measures of central tendency was computed for each character 
between the two transects in a population for a given year, 
that is, for 1990 and for 1991 (Tables A2 — A9 and summarized 
in A12) . This was done to assess the homogeneity of transects 
within a population.
The descriptive statistics reveal several interesting 
trends. First, it is apparent that from 1990 to 1991 there 
was a general drop in numbers of plants across the several 
populations (Table A l ) . The population changes varied from a 
loss of almost 34% in transect 1 of Dewey Cemetary to the only 
gain shown, 2.6% in transect 2 of the same population. The 
loss in transect 1 was due to extreme trampling by cattle, but 
all populations lost numbers between 1990 and 1991. Overall,
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averaged across the two transects, Charlie's Gulch lost 9.0% 
of its numbers, Jerry Creek lost 15.1%, Dewey Cemetary lost 
2.3%, Vipond Park lost 7.9%, and Lime Gulch lost 14.4%. 
Therefore, between 1990 and 1991 all populations showed a 
mortality excess compared to recruitment of seedlings. Only 
in transect 2 of Dewey Cemetary was there a very slight (11 
plants) excess of recruitments over deaths.
While differences between transects with respect to 
measured characteristics are indicated in the tables, 
differences between populations have not been subjected to a 
statistical test because transects are nested within 
populations but constitute a fixed rather than a random 
effect. As Snedecor and Cochran (1967) state, a test on the 
means of the populations is likely to be uninformative in such 
a case.
Descriptive statistics for rosette number are provided 
for all plants having at least one rosette (x > 0) in Table A2 
and for all living plants (x > 0) in Table A3. As is 
apparent, the differences in the two descriptive summaries are 
not great, since nearly all living plants possessed at least 
one rosette. The percent of living plants in each population 
in each year possessing at least one rosette is given in Table 
2 .
The mean number of rosettes per plant varied considerably 
among populations (as well as between transects) and from year 
to year, with the mean number increasing in all populations
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Table 2
Percent Plants with at least One Rosette
Population At Least One Rosette
1990 1991
Charlie's Gulch 97.2% 96. 9%
Jerry Creek 94 . 2% 97 .2%
Dewey Cemetary 87 . 9% 94 . 9%
Vipond Park 83. 8% 89.0%
Lime Gulch 97 . 0% 99. 0%
from 1990 to 1991. The mean number of rosettes (x > 0) in
each of the five populations for 1990 and 1991 is given in
Table 3
Mean Rosette Number per Plant
Population Mean Rosette number
1990 1991
Charlie's Gulch 1.18 1.27
Jerry Creek 1. 76 1.80
Dewey Cemetary 1.16 1.89
Vipond Park 1.00 1.20
Lime Gulch 1.30 1. 61
Table 3. The differences in standard deviations are also 
relatively great, ranging from 0.66 for Charlie's Gulch in
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1990 to 1.66 for Dewey Cemetary in 1991 (Table A3). The 
variation is probably attributable to differences in numbers 
of new seedlings, and to the fact that older plants tend to 
increase their number of rosettes.
Descriptive statistics for rosette diameter for those 
plants having a rosette (x > 0) are provided in Table A4. The 
mean diameter, measured in millimeters, varied from a maximum 
of 27.31 at Lime Gulch in 1991 to a minimum of 17.88 at Vipond 
Park in 1991. The Jerry Creek study site showed the greatest 
change in mean from 1990 to 1991, from 18.00 to 24.56. The 
means for Charlie's Gulch, Jerry Creek and Lime Gulch 
increased form 1990 to 1991, while those for Dewey Cemetary
Table 4
Mean Rosette Diameter per Plant in Each Population 
Population Mean Rosette Diameter
1990 1991
Charlie's Gulch 20.36 24.75
Jerry Creek 18. 00 24.56
Dewey Cemetary 25 .12 22.34
Vipond Park 18.27 17. 88
Lime Gulch 25.81 27.31
and Vipond Park dropped. Standard deviations increased for 
four of the five populations from 1990 to 1991, with only 
Charlie's Gulch showing a slight decrease. The means for
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rosette diameter at the five study sites for 1990 and 1991 are 
given in Table 4. The largest rosette diameter measured (80 
mm) was in Dewey Cemetary in 1991.
Descriptive statistics for rosette height for those 
plants having a rosette (x > 0) are provided in Table A 5 . The 
mean height, measured in millimeters, varied from a maximum of 
14.58 at Lime Gulch in 1991 to a minimum of 8.51 at Charlie's 
Gulch in 1990. The mean height of plants in all populations 
increased from 1990 to 1991. The standard deviations also 
increased for four of the five populations, but decreased at 
the Jerry Creek study site from 1990 to 1991. The means for 
rosette height at the five study sites for 1990 and 1991 are 
given in Table 5. The largest rosette height measured (60 mm) 
was at Dewey Cemetary in 1991.
Table 5
Mean Rosette Height per Plant for Each Population
Population Mean Rosette Heiaht
1990 1991
Charlie's Gulch 8.51 13.49
Jerry Creek 12.30 15 .78
Dewey Cemetary 10.52 13 . 81
Vipond Park 9.27 10.57
Lime Gulch 9. 70 14.58
Descriptive statistics for inflorescence number are
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provided first for all living plants <x > 0, Table A6) and 
then for all plants having at least one inflorescence (x > 0, 
Table A 7 ) , As can be seen in Tables 6 and 7, the differences 
between means, when considering all living plants versus only 
those plants with inflorescences, is considerable. This is 
because only about 30% of plants produce at least one
inflorescence, varying from a low of 21,1% of plants at Lime
Gulch in 1991 to a high of 36.5% of plants at Lime Gulch in 
1990. At all study sites the percent of flowering individuals 
decreased from 1990 to 1991 (Table 8) . This drop was
particularly severe at Lime Gulch. The plant with the
greatest number of inflorescences (16) was found in Dewey 
Cemetary in 1990.
Table 6
Mean Inflorescence Number per Plant per Year
in Each Population 
(Inflorescence Number > 0)
Population Mean Inflorescence Number
1990 1991
Charlie's Gulch 0 . 73 0.76
Jerry Creek 0.76 0. 72
Dewey Cemetary 0. 99 0.52
Vipond Park 0.81 0.56
Lime Gulch 1.21 0. 57
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Table 7
Mean Inflorescence Number per Plant
in Each Population 
(Inflorescence Number > 0)
per Year
Population Mean Inflorescnce Number
1990 1991
Charlie's Gulch 2.49 2.82
Jerry Creek 2 .17 2. 66
Dewey Cemetary 3.31 2.44
Vipond Park 2.24 2.09
Lime Gulch 3.32 2 . 72
Table 8
Percent of Plants Blooming in Each Year in Each Population
Population 1990 1991
Charlie's Gulch 29.2% 26.8%
Jerry Creek 35 .1% 27 .1%
Dewey Cemetary 29.8% 21 . 4%
Vipond Park 35. 9% 26.8%
Lime Gulch 36. 5% 21.1%
Descriptive statistics for height of the tallest
inflorescence, for those plants having an inflorescence 
(x > 0), are provided in Table AS. The mean height varied 
from a maximum of 161.19 mm in 1990 at Dewey Cemetary to a
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minimum of 105.62 mm at Charlie^s Gulch, also in 1990. There 
was no consistency of increase or decrease in inflorescence 
height across populations: three populations increased and
two decreased across the years. The standard deviation 
increased or decreased as the mean height increased or 
decreased. The maximum inflorescence height found at any 
study site (370 mm) was at Dewey Cemetary in 1990. The means 
for inflorescence height at the five study sites in 1990 and 
1991 are given in Table 9.
Table 9
Mean Inflorescence Height of Blooming Plants 
(Where Plant Inflorescence Number > 0)
Population Inflorescence Heiaht
1990 1991
Charlie's Gulch 105.62 131.70
Jerry Creek 108.68 154.52
Dewey Cemetary 161.19 109.58
Vipond Park 107.52 144.58
Lime Gulch 135.23 126.85
Descriptive statistics for fruit number, for those plants 
producing at least one fruit (x > 0) are provided in Table A9. 
The means for all study sites for 1990 and 1991 are given in 
Table 10. Fruit number mean varied from a maximum of 22.04 
per fruiting plant at Dewey Cemetary in 1990 to a minimum of 
9.44 at Jerry Creek, also in 1990. Two populations increased
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their mean number of fruits per flowering plant from 1990 to 
1991, and three decreased that number. The standard deviation 
increased or decreased as the mean fruit number increased or 
decreased (Table A9) . Looking at numbers of plants which 
produced an inflorescence and number of plants which produced 
fruits, almost all flowering individuals produced at least one 
fruit. There was very little total fruit predation or fruit 
failure. The individual with the greatest number of fruits 
(86) was found in Dewey Cemetary in 1990.
Table 10
Mean Fruit Number per Blooming Plant per Year
in Each Population 
(Where Plant Fruit Number > 0)
Population Fruit Number
1990 1991
Charlie's Gulch 9. 72 19. 73
Jerry Creek 9. 44 16.44
Dewey Cemetary 22.04 11 .76
Vipond Park 17 . 05 14 . 04
Lime Gulch 14 . 27 10 . 26
Chi—squared tests were performed for differences between 
transects with respect to bolting behavior, that is, for 
plants in which the central meristem of a rosette elongated 
into a flowering stalk. The results are presented in Table
AlO, as is the percent of bolters in each transect for each
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population in 1990 and in 1991. Percent bolters for each 
population for each year is also recorded in Table 11. 
Percent of plants bolting varied from a high of 17.8% at 
Vipond Park in 1990 to a low of 2.6% at Charlie's Gulch in 
1990. Dewey Cemetary and Vipond Park showed a considerable 
drop in percent bolters from 1990 to 1991. Charlie's Gulch 
was the only population to gain in percent bolters, while 
Jerry Creek remained essentially unchanged.
Table 11
Percent Bolting Plants in Each Year in Each Population
Population Percent Bolters
1990 1991
Charlie's Gulch 2.6% 4 . 0%
Jerry Creek 10.0% 10.1%
Dewey Cemetary 11. 6% 3.8%
Vipond Park 17. 8% 11.5%
Lime Gulch 3.2% 2 . 8%
Descriptive statistics for distance to nearest knapweed 
at the Charlie's Gulch site are provided in Table All. This 
is the only study site so far infested with spotted knapweed. 
Measurement was taken of the distance from each Arabis plant 
to the nearest knapweed plant. Measurements were made in 
millimeters, up to a maximum of 300 mm, which was the maximum 
value found.
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Within each transect, the distance to the nearest 
knapweed increased in a statistically significant way from 
1990 to 1991. At the same time percent of bolters increased 
but number of Arabis plants dropped. There was also a 
statistically significant difference in distance to nearest 
knapweed between transects in each year.
Table A12 recapitulates the significance tests, reported 
in Tables A2 through All, for variability between transects in 
a given population in each year for the measured characters. 
As the tables show, the patterns are not entirely clear. 
However, in general, rosette diameter and inflorescence number 
(where x > 0) were consistently different between transects, 
whereas rosette number, inflorescence number (where x > 0) , 
and fruit number generally did not differ.
There were several instances of differences between the 
transects of a population for a character being significant 
for one year but not for the other. I speculate that this had 
to do with yearly differences in microclimate conditions, 
particularly since most of the significant differences 
occurred in 1990.
For the Charlie^ s Gulch population, the single population 
with knapweed infestation, the two transects differed 
significantly from each other with respect to distance to 
nearest knapweed in both 1990 and 1991. But for both, the 
distance to nearest knapweed became greater in 1991 than it 
had been in 1990, indicating a drop in knapweed plant numbers.
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At the same time, Arabis numbers dropped in transect 1 by 9.3% 
and in transect 2 by 7.0%. It would seem that both Arabis and 
knapweed were responding to the same changed environmental 
conditions.
Repeated Measures Analysis
Following the compilation of descriptive statistics, I 
did a repeated measures anova (transect x year 1990/1991) for 
each population on the characters rosette number, rosette 
diameter, rosette height, inflorescence number, inflorescence 
height, and fruit number, as well as distance to nearest 
knapweed for the Charlie's Gulch site. A chi—squared test was 
done on differences in numbers of bolters for each population. 
The bolter analysis did not include transects in order to 
avoid sampling error, given the relatively small number of 
bolters.
Summaries of the repeated measures anovas and the chi- 
squared tests are presented in Appendix B. The results for a 
given character, for example, rosette number, are given in a 
single table which includes the five populations. In each 
table, F-tests for transect, year, and transect-by—year 
interaction are recorded, as are the means for each transect 
for each year and the numbers of observations upon which each 
mean is based. Given the large number of tests to which the 
data was subjected, a relatively conservative level of 
significance (a < .01) was used. Tests that were significant
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at this level are underlined in each table.
One point deserves mentioning. Whereas the descriptive 
statistics for a given character for a given population for a 
given year are based on all the plants living that year, the 
repeated measures anovas were computed using only the plants 
that were alive in both years. This leads to some 
questionable definitions of characters. That is, whereas in 
the descriptive summary inflorescence height was computed only 
for those plants possessing an inflorescence, a year one to 
year two repeated measures analysis might involve the 
difference between the height of an inflorescence in year one 
(or year two) and no inflorescence the other year. A "0" 
height is not meaningful in the same way as are the values in 
the descriptive summary.
Turning first to the repeated measures anova of rosette 
number in Table Bl, only two significant differences emerged: 
the year effect for Dewey Cemetary and the year effect for 
Lime Gulch. For Dewey Cemetary, the mean number of rosettes, 
including both transects, was significantly greater in 1991 
than in 1990. For this population there was also a 
considerable difference between transects, but this did not 
reach the p < .01 level, and there was no significant
transect—by—year interaction.
For the Lime Gulch population, as for Dewey Cemetary, the 
mean rosette number was significantly greater in 1991 than in 
1990, In this case there was no significant difference
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between transects.
Table B2 provides the repeated measure anova summaries 
for rosette diameter. Here we find a significant transect 
effect for Charlie's Gulch: the mean rosette diameter was
significantly greater for transect 1 than for transect 2. 
There was also a year effect : mean rosette diameter was
significantly greater for 1991 than for 1990. However the 
transect—by-year interaction was not significant.
For Jerry Creek as well, there was a significant year 
effect: mean rosette diameter was greater in 1991 than in
1990. There was no significant transect effect for Jerry 
Creek, but there was a highly significant transect-by-year 
interaction: in 1991 rosette diameter in transect 2 increased
considerably over what it had been in 1990, whereas in 
transect 1 the increase was much less pronounced.
For Lime Gulch, as for the other two populations, there 
was a highly significant year effect : in 1991 mean rosette
diameter increased significantly over 1990. However this 
increase was due to change in transect 1, since the rosette 
diameter in transect 2 actually dropped slightly across the 
two years. Thus there was a significant transect-by-year 
interaction.
Table B3 provides the repeated measures anova summaries 
for rosette height. Here we find highly significant transect 
effects for Charlie's Gulch, Jerry Creek, and Dewey Cemetary, 
indicating that for this character the two transects within a
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population differed from each other, regardless of year. For 
this character there was also a significant year effect, with 
the mean rosette height increasing from 1990 to 1991 in all 
populations. At the Jerry Creek site there was also a 
significant transect-by-year interaction. Here the mean 
increased very substantially for transect 2 from 1990 to 1991, 
but actually decreased for transect 1.
Table B4 provides the repeated measures anova summaries 
for inflorescence number. There was a significant transect 
effect for this character in four of the five populations: 
Charlie's Gulch, Jerry Creek, Dewey Cemetary, and Lime Gulch. 
For two populations, Jerry Creek and Vipond Park, there was a 
significant year effect. In both populations the mean 
inflorescence number increased from 1990 to 1991. In only one 
population, Jerry Creek, was there a significant transect-by- 
year interaction. Here, inflorescence number mean increased 
considerably in transect 1 from 1990 to 1991 but remained 
exactly the same in transect 2.
Table B5 provides the repeated measure anova summaries 
for inflorescence height. The pattern is almost exactly that 
seen for inflorescence number, with the addition that the 
transect-by-year interaction for Dewey Cemetary was 
significant. There was a significant transect effect for all 
populations except Vipond Park. Jerry Creek and Vipond Park 
had significant year effects, with mean inflorescence height 
increasing from 1990 to 1991. The significant transect-by-
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year interaction for Dewey Cemetary shows that while the mean 
for transect 2 increased from 1990 to 1991, the mean for 
transect 1 actually dropped considerably over that time. At 
Jerry Creek there was also a transect—by—year interaction, but 
while both means increased from 1990 to 1991, in transect 1 
the change was very large, while in transect 2 it was slight.
Table B6 provides the repeated measures anova summaries 
for fruit number. There was a significant transect effect for 
three populations: Charlie's Gulch, Jerry Creek, and Dewey
Cemetary. In these populations the mean for one transect was 
significantly different from the mean of the other. There was 
also a significant year effect of three populations: Jerry
Creek, Dewey Cemetary, and Vipond Park. At Dewey Cemetary the 
mean for fruit number dropped from 1990 to 1991. At Jerry 
Creek and Vipond Park the means increased over that time. 
Jerry Creek also showed a transect-by-year interaction. While 
the mean increased for both transects, there was a large 
increase in transect 1 but a modest one in transect 2.
Table B7 provides the repeated measures anova summary for 
distance to knapweed in the Charlie's Gulch population. Here 
there was no transect effect, but the year effect was highly 
significant: distance to the nearest knapweed plant increased
from 1990 to 1991. There was also a significant transect-by- 
year interaction, because, while mean distance increased in 
both transects, it increased much more in transect 2 than in 
transect 1.
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Table B8 provides chi—squared tests for the difference 
from 1990 to 1991 in the relative frequency of bolters for 
each population. It should be noted that analyses were done 
by population rather than by transect in order to reduce 
sampling error, given the generally low frequency of bolting. 
The relative frequency of bolting decreased significantly in 
both the Dewey Cemetary population and the Vipond Park 
population. It remained almost unchanged in the other three 
populations.
Size Structured Matrices
For each population, a transition matrix showing shifts 
between size-classes of plants was constructed (Appendix C). 
Plants were classified in 1990 as seedlings (rosette less than 
8 mm in diameter), juveniles (rosette equal to or greater than 
8 mm and less than the smallest size at which reproduction 
occurred at a study site), non—reproductive adult (rosette 
diameter of a size to be reproductive, but the individual had 
not produced an inflorescence), reproductive adult (non- 
bolting reproductive), and bolting adult (an individual which 
had converted the central rosette meristem to an 
inflorescence). The same plants were then reclassified in 
1991 into the above listed categories, or death. Using the 
procedure recommended by Caswell (1989), the frequencies in 
the cells of the matrices were converted to maximum likelihood 
estimates of the transition probabilities. The largest
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eigenvalue of the transition matrix was then computed as an 
estimate of the asymptotic growth rate, lambda.
The asymptotic growth rates for all five study sites were 
less than one (Table 12). In general, a value less than one 
indicates a declining population. According to the estimates 
computed, the most rapidly declining populations were Jerry 
Creek, Dewey Cemetary, and Vipond Park. Charlie's Gulch was 
declining most slowly, and Lime Gulch was intermediate between 
Charlie's Gulch and the other three.
Table 12
Asymptotic Growth Rate between 1990 and 1991 
for Each Population
Population k
Charlie's Gulch 0.8172
Jerry Creek 0.6468
Dewey Cemetary 0.6288
Vipond Park 0.6625
Lime Gulch 0.7859
Even though the Charlie's Gulch population suffered 
cattle trampling, the death rate of plants from 1990 to 1991 
(Table 13) was the lowest of any of the populations (22.2%); 
the recruitment of new plants in 1991 (13.2% of the 1990
number) was the second lowest of the five populations, but 
seedling mortality in all populations is very high, and 
seedlings do not contribute very much to the asymptotic growth
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rate of a population. This is shown in the Dewey Cemetary 
population, which had the lowest lambda and the highest death 
rate. Even though the recruitment rate came closest to 
meeting the death rate of all the populations, this could not 
offset the effect of mortality. In Dewey Cemetary cattle 
trampling had a catastrophic effect on the population.
The Lime Gulch population suffered the lowest recruitment 
rate (9.1%), but because the death rate was only a little 
higher than that at Charlie's Gulch, it had the second highest 
lambda. Here, a wet spring and cool weather fostered already 
established plants but inhibited seedling establishment.
Table 13
Percent Death and Percent Recruitment 
from 1990 to 1991 
in Each Population
Population % Death % New Plants
1990-1991 1991
Charlie's Gulch 22.2% 13.2%
Jerry Creek 33.0% 17 . 9%
Dewey Cemetary 37. 9% 35. 6%
Vipond Park 34 . 0% 26.1%
Lime Gulch 23.5% 9.1%
Vipond Park also suffered with a cold, wet spring and the 
added problem that boulders moving through the site wiped out 
many of the mature plants which contribute most heavily to the
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asymptotic growth rate. Thus, lambda was low even though 
seedling establishment was quite good.
Jerry Creek is a sparse population which suffers from 
horse and cattle trampling as well as a great deal of rock 
movement. Its seedling establishment was moderate, but its 
death rate was quite high.
Looking at the cells of Tables Cl - C5, it can be seen 
that the fates in the following year of the different states 
in 1990 appear to vary from population to population. At both 
Charlie's Gulch and Vipond Park some seedlings stayed at that 
stage, but in no other populations did they do so. In all 
populations some plants of seedling size in 1990 reached non­
reproduct ive adult size by 1991, but the proportions varied 
from a low of 17.0% at Vipond Park to a high of 69.6% at Jerry 
Creek. Juveniles in 1990 generally reached non-reproductive 
adult stage in 1991, but only a very few became reproductives, 
and none reached this stage at Charlie's Gulch and Lime Gulch. 
The fate of 1990 non-reproduct ive adults extended the full 
range, from retreating back to seedlings in a very few cases, 
to progressing to bolting. Many of them remained in the non- 
reproductive adult stage. However, this varied from a low of 
35.0% at Jerry Creek to a high of 60.7% at Lime Gulch. 1990 
reproductive (non—bolting) adults tended to remain 
reproductive, though some retreated back to the non­
reproduct ive stage. This was particularly true at Lime Gulch.
Bolting generally resulted in death of the plant, but
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this was not inevitably the case, and varied with the 
population. At Charlie's Gulch and vipond Park bolting led to 
death about 85% of the time. At Jerry Creek and Dewey 
Cemetary bolting was followed by death about 75% of the time. 
However, at Lime Gulch bolting led to death only 62% of the 
time. In many cases bolters that survived were plants with 
more than one rosette, but that was not true at Dewey 
Cemetary, where all but one of the bolters that survived had 
no visible living rosette at the time of bolting.
Regression Analysis
An important part of this research was the investigation 
of characters that influence survival and reproduction. In 
order to determine the effects of correlated phenotypic 
characters on components of fitness, multiple regression 
procedures were used. Two measures of fitness, survival and 
relative fruit number in 1991, were the dependent variables in 
two separate regression analyses. For each population, 
survival in 1991 was regressed on the variables 1990 rosette 
number, 19 90 rosette sum (an additive combination of rosette 
diameter and rosette height which appeared to be the most 
informative), 1990 inflorescence number, 1990 inflorescence
height, and 1990 bolting behavior. The purpose of this 
analysis was to determine whether previous year vegetative and 
reproductive characters were related to survival the following 
year. Also for each population, relative fruit number in 1991
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was regressed on the 1990 characters just listed as well as on 
1990 fruit number, because the energy expended in producing 
fruit one year might be expected to affect fruit production in 
the next year. Detailed results of the regression analyses 
are presented in Appendix D .
For each of the two regression analyses for each 
population (Tables D1 - D5), standardized partial regression 
coefficients are provided as measures of the directional 
selection gradient for each character. A jackknife t- 
statistic and its probability are also listed as robust 
measures of signficance. In addition, a selection
differential (a measure which indicates directly the degree to 
which the character covaries with the dependent variable) is 
provided for each character in each analysis for each 
population.
As summary statistics, an F—ratio for the overall 
regression is provided, as well as its significance level, for 
each population. Finally, R̂ , the proportion of variance in 
the dependent variable attributable to the phenotypic 
characters, is supplied.
Considering first the regression analysis for the 
Charlie's Gulch population (Table Dl) , with respect to 
survival in 1991, the most important positive contributor was 
rosette sum, followed by rosette number. Bolting was a 
negative contributor, and inflorescence height and 
inflorescence number, though negative, were relatively
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unimportant. These results seem most reasonable biologically, 
since rosette size and rosette number give an indication of 
the photosynthetic capacity and, once mature, health of the 
plant. Bolting, on the other hand, usually leads to death, 
and inflorescence height and inflorescence number indicate 
energy expended in reproduction, at a cost to the vegetative 
portion of the plant.
In terms of the selection differential, rosette sum was 
of primary importance, and in the positive direction, followed 
by inflorescence number, of much less importance and in the 
negative direction. The regression was highly significant, 
and the proportion of variance accounted for was 16%.
With respect to relative fruit number in Charlie's Gulch 
in 1991, rosette sum was again of primary importance, followed 
by rosette number. Both were positive predictors, that is, 
the larger their values, the larger the relative fruit number 
on the average. Inflorescence height covaried most directly 
with relative fruit number, followed by rosette sum and 1990 
fruit number. This regression was highly signfleant, with 35% 
of the variance in the dependent measure accounted for by the 
predictors.
Turning next to the regression analysis for the Jerry 
Creek population (Table D2) , with respect to survival in 1991, 
the most important positive contributor was rosette sum. 
However, in this population rosette number actually provided 
a slight negative contribution. As with the Charlie's Gulch
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population, bolting was a negative contributor. In terms of 
the selection differential, rosette sum covaried most directly 
with survival. The regression was significant, and the 
proportion of variance accounted for was 11.2%.
Regarding relative fruit number in 1991, rosette sum was 
of most positive predictive importance, followed by 
inflorescence number. In this population, 1990 fruit number 
was a negative predictor of 1991 relative fruit number, but 
not significantly so. This regression was highly significant, 
and the predictors accounted for 16.4% of the dependent 
measure variance.
The regression analysis summary for Dewey Cemetary is 
found in Table 03. With respect to survival in 1991, the most 
important positive contributor was, again, rosette sum, though 
the jackknife t probability did not reach significance. 
Bolting was a significant negative contributor. In terms of 
the selection differential, rosette sum covaried most directly 
with survival. Bolting was a negative contributor. This 
regression was highly significant, and the proportion of 
variance accounted for was 9.7%.
Concerning relative fruit number in 1991, inflorescence 
number was the most important positive contributor, followed 
by rosette sum. Fruit number in 1990 was a negative 
predictor. In terms of the selection differential,
inflorescence height varied most directly with relative fruit 
number (though the jackknife t was not significant), followed
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by rosette sum. This regression was highly significant, and 
the predictors accounted for 15.7% of the dependent measure 
variance.
The regression analysis for the Vipond Park population 
(Table D4), with respect to survival in 1991, shows that the 
most important positive contributor was rosette sum, followed 
by rosette number. Bolting was an important negative 
contributor, and inflorescence number was also a negative 
contributor.
In terms of the selection differential, rosette sum 
covaried most directly with survival, and bolting was a 
negative contributor. This regression was highly significant, 
and the predictors accounted for 33% of the variance of the 
dependent measure.
For relative fruit number in 1991, rosette sum was of 
most positive predictive importance, followed by inflorescence 
height and inflorescence number. Fruit number in 1990 had a 
significant negative influence. In terms of the selective
differential, inflorescence height and rosette sum covaried 
most directly with relative fruit number. This regression was 
highly significant, and the predictors accounted for 39.2% of 
the variance in the dependent measure.
Turning last to the regression analysis for the Lime 
Gulch population (Table D5), concerning survival in 1991, the 
most important positive contributor was rosette sum, followed 
by inflorescence number (though the jackknife t value here was
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not significant). Inflorescence height was a significant 
negative contributor. In terms of the selection differential, 
rosette sum covaried most directly with survival. 
Inflorescence height was a negative contributor. This
regression was highly significant, and the predictors 
accounted for 8.5% of the dependent measure variance.
For relative fruit number in 1991, rosette sum was the 
most important positive contributor, followed by bolting. 
Fruit number in 1990 was a negative contributor, but the
jackknife t was not significant. In terms of the selection 
differential, inflorescence height covaried most directly with 
relative fruit number, followed by rosette sum and 1990 fruit 
number. This regression was highly significant, and the
predictors accounted for 25.5% of the variance of the
dependent measure.
In terms of predicting survival, all five independent 
variables are predictive in some populations, but the most 
consistent predictors are rosette sum in a positive direction, 
and bolting in a negative direction.
Concerning the dependent variable "relative fruit number 
in 1991," all the phenotypic characters are predictive in one 
population or another, but the only consistent one is rosette 
sum, which in general also has a large selection differential.
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DISCUSSION AND CONCLUSIONS
This study was basically an effort to increase our 
understanding of the life history and population dynamics of 
a rare endemic plant species, Arabia fecunda. By intensive 
monitoring of individuals in five of the 13 known populations 
of this plant, it was my goal to discover specific demographic 
and phenotypic variation over time that would be related to 
trends in overall recruitment and mortality. I also hoped to 
determine whether there were particularly vulnerable stages in 
the life cycle of Arabia fecunda. Thus, there were three 
specific questions which this research addressed with respect 
to Arabia fecunda:
1) How do population dynamics vary spatially and 
temporally?
2) What are the important life-history characteristics of 
this species?
3) What are the projected outcomes for the study 
populations of this species?
There is no doubt that from 1990 to 1991, all five study 
populations were in a state of decline. However, there were 
few completely consistent trends among populations or between 
transects within populations. The most precipitous drop and 
the only gain in plant numbers across the two years occurred 
in the two transects of the same population. The ratio of 
recruitment to death of plants varied tremendously among 
populations, from almost replacement to less than two-fifths
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of replacement. Though approximately half of the phenotypic 
characters studied varied significantly between the two 
transects of a population within a single year, these 
differences seldom held up across the second year. Only 
rosette diameter and inflorescence number, (where x > 0), 
bolting, and knapweed infestation at Charlie's Gulch showed 
any consistency at all in this regard.
The repeated measures analyses on plants that were alive 
in both 1990 and 1991 gave information on temporal change in 
the study populations with respect to plant characters. All 
characters showed significant changes in some populations. 
For example, rosette number increased significantly in Dewey 
Cemetary and Lime Gulch from 1990 to 1991, but did not in the 
other populations. However, the only fairly consistent 
significant changes across populations from one year to the 
next were in rosette diameter, which tended to increase, 
rosette height, which increased in all populations, and fruit 
number, which increased or decreased depending on the 
population.
Looking at the transition matrices (Tables Cl — C5) one 
can see that the five populations had different patterns as 
far as maturation of individuals, percent of fruiting plants 
and bolters, and mortality in each stage category. Yet all 
populations were shrinking (Table A l).
Considering next the question of important life history 
characteristics of this species, what characters influence
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4 5
survival and reproduction in these populations? The 
regression analyses point especially toward the growth of the 
basal rosette to a substantial size as a positive predictor of 
both survival and reproductive success. Since the vegetative 
body is the source of energy for both metabolic processes and 
reproduction, this seems very reasonable. On the other hand, 
bolting has a very heavy cost to the plant, and in fact 
usually results in death. While bolting may result in an 
extravagant production of seed, the overall effect on survival 
and relative fruit number in the succeeding year is 
unquestioningly negative.
At all study sites the percent of flowering individuals 
dropped from 1990 to 1991. However, the ranking of 
populations with regard to percent of plants blooming does not 
correspond to their ranking with respect to lambda, since 
replacement and death, not flowering, are crucial for 
population maintenance. The ranking of populations with 
respect to percent death does correspond to the ranking of 
lambda, with Charlie's Gulch having the lowest death rate and 
the highest lambda, and Dewey Cemetary having the highest 
death rate and the lowest lambda.
In considering the final question, the projected outcomes 
for the study populations of this species, lambda, the 
asymptotic growth rate, was computed for each population based 
on 1990-1991 data. The lambda for every population was below 
one, indicating that replacement is not keeping pace with
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mortality. Therefore, the projected outcome for the study 
populations is disappearance if the present trend should 
continue, rather than being the result of environmental 
variation from just one year to the next. Following these 
study populations through several years should indicate how 
Arahis fecunda reponds to its environment over the long term.
SIGNIFICANCE
In conservation biology there are some general questions 
that are important for understanding and managing rare 
species. One of these is: why are rare plants rare? That
is, what are the demographic and genetic characteristics that 
keep rare plants restricted in numbers, area, or both?
A second question, whose answer is dependent on the 
first, is: what can we do to assure that rare plants will
persist? That is, what are the crucial measurements we must 
take on individuals of a species to assure good management 
decisions? The fewer measurements we have to make for each 
species, the greater the number of species we can consider. 
And with each year seeing acceleration of species extinction, 
managers do not have unlimited time or money to take 
measurements and make decisions.
However, we do not know the answers to these broad 
questions because we have not looked closely at enough rare 
species to begin to see if we can make generalizations about 
minimum necessary measurements. Research at the individual
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species level is therefore ultimately fundamental to
conservation biology, and that was the primary reason for this 
investigation. Thus, this investigation involved the
intensive monitoring of specific demographic and phenotypic 
variation over time in a rare endemic plant in the hope that 
this variation would be related to overall recruitment and 
mortality. I found that for Arabls fecunda, a rare plant that 
may be in decline, there were specific phenotypic characters 
that predicted survival and reproductive capacity. The 
population declines observed, however, obviously depended 
heavily on environmental factors as well.
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Appendix A: Tables of Descriptive Statistics
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Table Al
Count of Plants by Population and Year
Population Transect
Total Plants 
Observed 
1990 and 1991
Plant Deaths 
1990 to 
1991
Charlie's both 566 111Gulch
1 501 99
2 65 12
Jerry both 343 96Creek
1 139 43
2 204 53
Dewey both 655 183
Cemetary
1 78 35
2 577 148
Vipond both 608 164
Park
1 430 124
2 178 40
Lime both 538 116
Gulch
1 110 32
2 428 84
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Table Al (Continued)
Count of Plants by Population and Year
Population Transect
New
Plants
1991
Living
in
1990
Living
in
1991
Shrinkage*
over
1990-1991
Charlie's both 66 500 455 - 9.0%Gulch
1 58 443 402 - 9.3%
2 8 57 53 - 7 . 0 %
Jerry both 52 291 247 -15.1%
Creek
1 16 123 96 -22.0%
2 36 168 151 -10.1%
Dewey both 172 483 472 - 2.3%
Cemetary
1 13 65 43 -33.8%
2 159 418 429 2.6%
Vipond both 126 482 444 - 7 . 9 %
Park
1 112 318 306 — 3 . 8%
2 14 164 138 -15.9%
Lime both 45 493 422 -14 .4%
Gulch
1 20 90 78 -13.3%
2 25 403 344 -14.6%
* determined as Living in 1991 — Living in 1990
Living in 1990
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Table A2
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Rosette Charlie's both 1990 486 1.22 .03 0 . 63Number Gulch
(Where F (1,484) 1 1990 430 1.24 .03 0. 67X > 0) =4 .29
p=.039 2 1990 56 1.05 . 03 0.23
both 1991 441 1. 31 . 03 0.73
F (1,439) 1 1991 388 1.33 .04 0.75=2.18
p = .14 0 2 1991 53 1 .17 .07 0 , 51
Jerry both 1990 274 1. 87 . 08 1. 30
Creek
F (1,272) 1 1990 116 2.10 . 12 1.26=5. 99
p=.015 2 1990 158 1.71 . 10 1.31
both 1991 240 1.85 .08 1.28
F (1,238) 1 1991 92 2.08 . 14 1. 37
=4.76
p=.030 2 1991 148 1. 71 .10 1.20
Dewey both 1990 425 1.32 .04 0.89
Cemetary
F (1,423) 1 1990 42 1.83 .24 1.56
=16.40
p<.0005 2 1990 383 1.26 .04 0.76
both 1991 448 1.99 . 08 1 . 64
F(l,446) 1 1991 38 2. 53 .37 2.30
=4 . 4 5
p = .035 2 1991 410 1. 94 . 08 1. 56
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Table A2 (Continued)
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Rosette Vipond both 1990 404 1.19 .03 0.56
Number Park
(Where F (1,402) 1 1990 256 1.18 . 03 0 . 52
X > 0) = .400
p = .52 9 2 1990 148 1.22 . 05 0. 63
both 1991 395 1.34 . 04 0.87
F(l,393) 1 1991 271 1.35 . 05 0. 87
= .04
p = . 83 2 1991 124 1.33 -08 0. 86
Lime both 1990 478 1. 34 . 04 0. 91
Gulch
F(l,476) 1 1990 90 1.44 . 10 0 . 90
=1. 48
p=.225 2 1990 388 1 .31 . 05 0. 92
both 1991 416 1. 63 . 07 1.34
F (1,414) 1 1991 77 1.40 . 12 1.06
=2.72
p=.100 2 1991 339 1. 68 .08 1.39
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Descriptive Statistics
56
Variable Population Transect Year N Mean SEM SD
Rosette Charlie's both 1990 500 1.18 .03 0 . 66Number Gulch
(where F (1,498) 1 1 9 9 0 443 1.20 .03 0.69X > 0) =3.33
p = .069 2 1990 57 1.04 . 04 0.26
both 1991 455 1.27 .04 0.75
F (1,453) 1 1991 402 1.28 . 04 0 .79
=1.02
p=.312 2 1991 53 1.17 . 07 0.51
Jerry both 1990 291 1.76 . 08 1.34
Creek
F(l,289) 1 1990 123 1 . 98 .12 1. 32
=5.47
p = .020 2 1990 168 1. 61 .10 1.34
both 1991 247 1 . 80 . 08 1.29
F (1,245) 1 1991 96 1. 99 .14 1.40
=3.49
p = .063 2 1991 151 1. 68 . 10 1. 21
Dewey both 1990 483 1.16 . 04 0. 93
Cemetary
F (1,481) 1 1990 65 1. 18 . 19 1 . 53
=0. 05
p = .815 2 1990 418 1.16 .04 0.81
both 1991 472 1.89 .08 1. 66
F (1,470) 1 1991 43 2.23 . 35 2 .31
=2 . 03
p=.155 2 1991 429 1.86 .08 1. 58
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Table A3 (Continued)
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Rosette vipond both 1990 482 1.00 . 03 0. 68
Number Park
(Where F (1,480) 1 1990 318 0. 95 . 04 0. 66
X > 0) =5.22
p=,023 2 1990 164 1.10 . 05 0.70
both 1991 444 1.20 .04 0. 92
F(l,442) 1 1991 306 1.20 .05 0. 92
=0. 00
P=.996 2 1991 138 1.20 .08 0. 91
Lime both 1990 493 1.30 .04 0. 93
Gulch
F(l,491) 1 1990 90 1.44 . 01 0.90
=2 .74
p = .099 2 1990 403 1.27 . 05 0. 93
both 1991 422 1 . 61 .07 1.35
F(l,420) 1 1991 78 1.39 .12 1. 06
=2 . 61
p= .107 2 1991 344 1. 66 .08 1. 40
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Table A4
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Rosette Charlie's both 1990 486 20.36 0.60 13. 11Diameter Gulch
(Where F (1,484) 1 1990 430 21.59 0.64 13.16
X > 0) =35.19
p=<.0005 2 1990 56 10. 91 1. 04 7 . 77
both 1991 441 24 . 75 0.59 12 .44
F (1,439) 1 1991 388 25. 67 0 . 64 12 . 64
=18.15
P<.0005 2 1991 53 18.06 1.12 8. 18
Jerry both 1990 275 18 . 00 0.49 8.05
Creek
F(l,273) 1 1990 117 19. 72 0 . 62 6. 67
= 9 - 57
p=.002 2 1990 158 16.73 0.70 8 . 74
both 1991 240 24.56 0.66 10.28
F (1,238) 1 1991 92 23.30 1.14 10. 94
= 2.25
p = .135 2 1991 148 25 .35 0.81 9. 81
Dewey both 1990 425 25 .12 0.55 11. 31
Cemetary
F(l,423) 1 1990 42 31. 02 2 .16 14 . 01
=13.04
p=<.0005 2 1990 383 24. 48 0.55 10 . 81
both 1991 448 22.34 0.76 15 . 97
F (1,446) 1 1991 38 25.37 3.17 19.57
=1.49
p=.223 2 1991 410 22.06 0.77 15.59
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Table A4 (Continued)
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Rosette Vipond both 1990 404 18.27 0.47 9.41
Diameter Park
(Where F (1,402) 1 1990 256 19.20 0.58 9. 33
X > 0) =6.94
p = .009 2 1990 148 16. 66 0.77 9.35
both 1991 395 17.88 0. 60 11. 97
F (1,39) 1 1991 271 16. 61 0.73 12 . 07
=9. 99
p=.002 2 1991 124 20 . 66 1.02 11.30
Lime both 1990 478 25 . 81 0.50 10. 92
Gulch
F(l,476) 1 1990 90 22.20 1.16 11. 01
=12.43
P=<.0005 2 1990 388 26. 65 0.55 10.74
both 1991 416 27.31 0.65 13.34
F (1,414) 1 1991 77 34 . 51 1.79 15. 67
=29.43
p < .0005 2 1991 339 25. 67 0.66 12 . 20
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Table AS
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Rosette Charlie's both 1990 486 8.51 .29 6.33Height Gulch
(Where F (1,484) 1 1990 430 9. 00 .31 6. 38X > 0) =23.80
p=<.0005 2 1990 56 4 . 71 .59 4 . 38
both 1991 441 13.49 . 35 7 .33
F(l,439) 1 1991 388 14.10 . 38 7 . 45
=21.90
p=<.0005 2 1991 53 9.17 . 60 4 .37
Jerry both 1990 275 12 .30 .43 7 . 09
Creek
F(l,273) 1 1990 117 14 . 97 . 61 6. 57
=32.05
p=<.0005 2 1990 158 1 0 . 3 3 .54 6.82
both 1991 240 15. 78 .38 5 . 92
F(l,238) 1 1991 92 15.47 . 68 6.49
=0.41
p=.521 2 1991 148 15. 97 .46 5. 56
Dewey both 1990 425 10. 52 .30 6. 10
Cemetary
F(l,423) 1 1990 42 16. 62 1.27 8 . 25
=52.22
p<.0005 2 1990 383 9. 85 . 2 8 5.43
both 1991 448 13.81 .43 9. 11
F (1,446) 1 1991 38 16. 97 1. 97 12 .15
=5.05
p = .025 2 1991 410 13.52 . 43 8 . 74
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Table A5 (Continued)
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Rosette Vipond both 1990 404 9.27 .24 4.75
Height Park
(Where F(l,402) 1 1990 256 9.44 .28 4.51
X > 0) = .840
p = .359 2 1990 148 8. 99 .42 5.14
Both 1991 395 10 . 57 .29 5. 80
F (1,393) 1 1991 271 10.11 .36 5 . 98
=5.44
p=.020 2 1991 124 11. 57 .47 5.25
Lime both 1990 478 9. 70 .24 5.29
Gulch
F(l,476) 1 1990 90 8. 98 .46 4.34
=2 . 08
p = .150 2 1990 388 9. 87 .28 5.48
Both 1991 416 14 .58 . 33 6.81
F(l,414) 1 1991 77 15.29 . 71 6.26
=1 . 02
p = .314 2 1991 339 14 . 42 .38 6.93
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Table A6
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Inflor­ Charlie's both 1990 500 . 73 .07 1 .47escence Gulch
Numbe r F (1,498) 1 1990 443 . 79 .07 1.52
(Where =7.4 8
X > 0) p=.006 2 1990 57 .23 . 12 0.89
both 1991 455 .76 . 07 1.55
F (1,453) 1 1991 402 . 84 . 08 1. 62
=11.14
p = .001 2 1991 53 . 09 . 07 0.49
Jerry both 1990 291 . 76 .08 1 .40
Creek
F(l,289) 1 1990 123 . 91 . 12 1.27
=2 . 51
p = .114 2 1990 168 . 65 .11 1 .47
both 1991 247 . 72 .10 1.50
F (1,245) 1 1991 96 1.24 . 18 1.76
=20.34
p<.0005 2 1991 151 .39 . 10 1. 20
Dewey both 1990 483 . 99 . 10 2 .13
Cemetary
F (1,481) 1 1990 65 1. 92 .30 2 . 41
=15.03
p<.0005 2 1990 418 . 84 . 10 2 . 04
both 1991 472 . 52 .07 1 . 32
F(l,470) 1 1991 43 .88 .24 1. 58
=3. 60
p = .058 2 1991 429 .48 .06 1.29
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Table A6 (Continued)
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Inflor­ Vipond both 1990 482 . 81 . 08 1. 66
escence Pond
Number F(l,480) 1 1990 318 . 98 . 11 1 . 87
(Where =12.87
X > 0) p<.0005 2 1990 164 . 43 . 08 1. 05
both 1991 444 . 56 .06 1 .27
F (1,442) 1 1991 306 . 52 . 07 1 .26
=. 88
p = .34 9 2 1991 138 . 65 .11 1 . 30
Lime both 1990 493 1.21 . 10 2 . 11
Gulch
F (1,491) 1 1990 90 .48 . 14 1 . 34
=13.72
p < .0005 2 1990 403 1.38 . 11 2 .21
both 1991 422 .57 .07 1 . 39
F (1,420) 1 1991 78 .21 . 09 . 81
=6.81
p=.009 2 1991 344 . 66 .08 1 .48
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Table A7
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Inflor­ Charlie^ s both 1990 146 2 .49 . 14 1 . 74escence Gulch
Number F (1,144) 1 1990 140 2.50 . 15 1 .74
(Where = .21
X > 0) p=.647 2 1990 6 2.17 .79 1 . 94
both 1991 122 2 . 82 .16 1 .78
F (1,120) 1 1991 120 2 . 83 .16 1.80
=. 06
p = .7 99 2 1991 2 2.50 . 50 0 . 71
Jerry both 1990 102 2 .17 . 16 1.59
Creek
F (1,100) 1 1990 59 1. 90 .16 1.23
=4 .13
p = .045 2 1990 43 2.54 . 30 1. 93
both 1991 67 2 . 66 .22 1 . 77
F(l,65) 1 1991 44 2 . 71 .25 1. 67
=. 09
p = .7 62 2 1991 23 2.57 . 42 2.00
Dewey both 1990 144 3.31 . 23 2 . 74
Cemetary
F (1,142) 1 1990 40 3 .13 . 38 2 . 38
= .24
p = ,62 6 2 1990 104 3.38 .28 2 . 88
both 1991 101 2 . 44 .19 1.86
F(l,99) 1 1991 17 2 .24 . 44 1. 82
= .23
p = .62 9 2 1991 84 2.48 . 21 1. 88
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Descriptive Statistics
65
Variable Population Transect Year N Mean SEM SD
Inflor­ Vipond both 1990 173 2.24 .16 2 .10
escence Park
Number F (1,171) 1 1990 133 2 . 3 8 .19 2 . 24
(Where =2.60
X > 0) p = .109 2 1990 40 1 . 76 . 2 3 1 .48
both 1991 119 2 . 09 . 15 1 . 68
F(l,117) 1 1991 77 2 . 08 .20 1.76
=. 02
p = .899 2 1991 42 2.12 .24 1.55
Lime both 1990 180 3.32 . 17 2 . 2 8
Gulch
F(l,178) 1 1990 13 3.31 .50 1 .  80
= .00
p = .981 2 1990 167 3 . 3 2 . 18 2.31
both 1991 89 2 . 72 . 19 1. 83
F(l,88) 1 1991 8 2 . 0 0 .63 1. 77
=1.37
p = .246 2 1991 81 2 .79 .20 1. 83
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Descriptive Statistics
66
Inflor­
escence
Height
(Tallest,
where
X > 0)
Population Transect Year N Mean SEM SD
Charlie^ s both 1990 146 105.62 3.92 47 .40Gulch
F (1,144) 1 1990 140 105.66 3.92 46.33=0.00
p = .960 2 1990 6 104.67 30.30 74.18
both 1991 122 131.70 4.49 49. 63
F (1,120) 1 1991 120 131.64 4 . 56 50.00
=0. 01
p = .925 2 1991 2 135.00 15.00 21.21
Jerry both 1990 102 108.68 5.53 55. 83
Creek
F (1,100) 1 1990 59 94.27 5.97 45. 82
=10.16
p = .002 2 1990 43 128.44 9.53 62 .48
both 1991 67 154.52 7.35 60.12
F(l,65) 1 1991 44 154.27 8.87 58.81
=0.00
p=.963 2 1991 23 155.00 13.30 63. 90
Dewey both 1990 144 161.19 5 . 88 70.52
Cemetary
F(l,142) 1 1990 40 224.60 11. 00 69.70
=64.73
p < .0005 2 1990 104 136.81 5.29 53. 90
both 1991 101 109.58 5.22 52.47
F (1,99) 1 1991 17 196.47 15 . 70 64 . 80
=0 . 07
p = .7 90 2 1991 84 110.21 5.46 50.05
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Table A8 (Continued)
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Inflor­ Vipond both 1990 173 107.52 3.46 45 . 54
escence Park
Height F (1,171) 1 1990 133 102.58 3 . 4 4 3 9 . 7 0
(Tallest, =7 .01
where p= .009 2 1990 40 123.95 9.29 58 .76
X > 0)
both 1991 119 144.58 4.57 4 9 .  84
F (1,117) 1 1991 77 146.79 5. 68 49. 88
= 0 . 4 3
p = .514 2 1991 42 140.52 7 . 73 50 .10
Lime both 1990 180 135,23 3.93 52 . 78
Gulch
F(l,178) 1 1990 13 122.92 10.60 38.28
0.76
p=.384 2 1990 167 136.19 4 . 16 53.71
both 1991 89 126.85 4.23 39.87
F(l,87) 1 1991 8 136.90 23.00 65.00
=0.55
p=.4 59 2 1991 81 125.86 4.11 36. 99
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Table A9
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Fruit Charlie^ s both 1990 141 9.72 . 75 8 .86Number Gulch
(where F(l,139) 1 1990 136 9.69 .76 8.90X > 0) =0.03
p=.861 2 1990 5 10.40 3.76 8 .41
both 1991 121 19.93 1.37 15.03
F (1,119) 1 1991 119 19.97 1.39 15.15
=0.05
p = .818 2 1991 2 17 .50 1.50 2.12
Jerry both 1990 90 9.44 . 90 8 .55
Creek
F(l,88) 1 1990 52 9.65 . 98 7 . 09
=5. 69
p = .019 2 1990 38 11. 89 1.59 9.80
both 1991 64 16.44 1. 64 13.11
F(l,62) 1 1991 43 17.19 2.07 13.55
=0.42
p = ,518 2 1991 21 14 . 00 2.69 12.32
Dewey both 1990 142 22.04 1. 57 18. 67
Cemetary
F (1,140) 1 1990 38 33.21 3.79 23.39
=21.23
p < .0005 2 1990 104 17. 96 1.45 14 .76
both 1991 78 11.76 1.15 10.16
F(l,76) 1 1991 11 17 .09 5-83 19.33
=3 . 65
p = .060 2 1991 67 10. 88 . 93 7 . 64
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Table A9 (Continued)
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Fruit Vipond both 1990 171 17.05 1.10 14 .40
Number Park
(Where F(l,169) 1 1990 131 16.73 1.12 12. 87
X > 0) =0.27
p = .607 2 1990 40 18.08 2 . 96 18.71
both 1991 119 14 . 04 . 81 8 . 89
F(l,117) 1 1991 77 14.99 1.08 9.51
=0.00
p = .117 2 1991 42 12.31 1 .14 7 . 39
Lime both 1990 180 14 . 27 . 92 12 . 34
Gulch
F(l,178) 1 1990 13 11. 77 1.75 6.33
=0-57
p=.450 2 1990 167 14 .46 .98 12 . 68
both 1991 88 10.26 . 82 7 . 64
F(l, 86) 1 1991 7 15.14 4.08 10.79
=3.13
p = .080 2 1991 81 9.88 . 81 7.25
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Table AID
Descriptive Statistics
Variable Population Transect Year N Bolt #Non-
Bolt
Bolters
Bolting Charlie's both 1990 500 13 487 2.6Gulch
%:(!) = 1 1990 443 12 431 2 . 70.18
p>. 05 2 1990 57 1 56 1. 8
both 1991 455 18 437 4 . 0
%:(!) = 1 1991 402 18 384 4.52.47
p>, 05 2 1991 53 0 53 0.0
Jerry both 1990 291 29 262 10. 0
Creek
%:(!) = 1 1990 123 19 104 15.47 . 14
p<. 01 2 1990 168 10 158 6.0
both 1991 247 25 222 10.1
%'(!) = 1 1991 96 18 78 18.812.85
p<.01 2 1991 151 7 144 4 . 6
Dewey both 1990 483 56 427 11. 6
Cemetary
1 1990 65 27 38 41. 5
65. 70
p<.001 2 1990 418 29 389 6.9
both 1991 472 18 454 3.8
%"(!) = 1 1991 43 5 38 11. 67 . 88
p < . 01 2 1991 429 13 416 3.0
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Table AlO (Continued)
Descriptive Statistics
# # %Variable Population Transect Year N Bolt Non- Bolters
Bolt
Bolting Vipond both 1990 482 86 396 17 . 8
Park
%:(!) = 1 1990 318 65 253 20.44.30
p> . 05 2 1990 164 21 143 12. 8
both 1991 444 51 393 11. 5
%:(!) = 1 1991 306 34 272 11.10.14
p > . 05 2 1991 138 17 121 12.3
Lime both 1990 493 16 477 3.2
Gulch
%:(!) = 1 1990 90 0 90 0.03. 69
p > . 05 2 1990 403 16 387 4.0
both 1991 422 12 410 2 . 8
%=(!) = 1 1991 78 2 76 2.60.03
p >. 05 2 1991 344 10 334 2 . 9
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Table All
Descriptive Statistics
Variable Population Transect Year N Mean SEM SD
Distance Charlie's both 1990 500 43.05 1.29 28 . 80
to Gulch
Nearest F(l,498) 1 1990 443 35. 65 1.41 29. 76
Knapweed 12 . 27
p=.001 2 1990 57 21.61 1. 98 14 . 95
both 1991 455 50.56 1. 81 38. 60
F(l,453) 1 1991 402 48.54 1.84 36. 95
=9. 63
p = .002 2 1991 53 65.89 6.46 47 . 00
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Table A12
Differences* between Transects for Plant Characteristics
by Population and Year
Rosette Rosette 
Number Diam
Population Year x>0 x>0 x>0
Rosette
Height
x>0
Inflorescence 
Number 
x>0 x>0
Charlie's 1990 X X X
1991 X X X
Jerry
Creek
1990 X X •
1991 • • X
Dewey 1990 X X X X
L-eiu© t a. ITy
1991 • •
vipond 1990 X X
Park
1991 X •
Lime 1990 X X
Gulch
1991 X X
* X indicates significant at .01 two-tailed
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Table Al2 (Continued)
Differences* between Transects for Plant Characteristics
by Population and Year
Inflorescence Fruit
Height Number
Population Year X > 0 X > 0 Bolting Knapweed
Charlie's
Gulch
1 9 9 0 • • X
1 9 9 1 • • X
Jerry
Creek
1 9 9 0 X X
1 9 9 1 • X
Dewey
Cemetary
1 9 9 0 X X X
1 9 9 1 • X
Vipond
Park
1 9 9 0 X •
1 9 9 1 • •
Lime
Gulch
1 9 9 0 • •
1 9 9 1 • •
X indicates significant at .01 two-tailed
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Appendix B; Tables of Repeated Measures Analysis
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Table B1
Repeated Measures Analysis of Variance of the Change
from 1990 to 1991 of
Rosette Number by Transect for Each Population
Population (T)
Charlie's
Gulch
Jerry
Creek
Dewey
Cemetary
Vipond
Park
Lime
Gulch
P(l,307)«
2.20
p».L39
F(l,193)-
4.42
p=.037
P(l,29a)=
3.86
p=.050
F(1,316)«
.03
P-.867
P(1,37S)* 
,51 
p=.474
Year
(Y) TxY
F(l,387)= F(l,387)=
3.02 .85
P-.083 P».356
F(l,193)« F(l,193).
1.69 .41
P-.19S p=.52S
P(l,296)= F(l,298)=
35.83 .02
d <-0005 p=.8B7
F(l,316)* P(l,316)=
.01 .92
p=.915 p=,339
F(l,375)* F(l,375)=
7.82 .41
d *.005 P-.522
Y  T
Mean/N
1.07/45
1.61/115
1.22/270
1.23/124
1.32/319
1.31/344
2.08/80
2.67/30
1.23/194
1.52/58
1.20/45
1.79/115
2.20/270
1.16/124
1.68/319
= p<-01
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Table B2
Repeated Measures Analysis of Variance of the Change
from 1990 to 1991 of
Rosette Diameter by Transect for Each Population
Transect Year
Population (T) (Y) TxY
Charlie's F(l,387)= F(l,387)- F(l,3871=
Gulch 32.13 26.52 26.52
D<.OOOS b<.000S p».043
Jerry F(l,193)- P(l,193>- PCI,193)=
Creek 3.03 49.11 14.92
p=.0B3 O<_0005 P ^ Q O j ^
Dewey P(l,298)= F(l,298)= PCI,298)=
Cemetary 1.59 .50 2.83
p=.209 P".476 p=.Q93
Vipond F(l,316)= F(1,316)» F(l,316)=
Park .36 ,24 4.24
p— .551 p«.627 p=.040
Lime P{1,37S)= F(1,37S)* PCI,375)-
Gulch 5,71 59.21 62.11
p=.0l7 n<.0005 o<.0005
Mean/N
YgoTi Ŷ oTa Y,iTi Yĝ T̂̂
23.66/344 11.93/45 26.61/344 18.73/45
20,70/80 15.35/115 23.59/80 25.31/115
29.37/30 23.67/270 27.43/30 28.40/270
19.58/194 17.23/124 18-23/194 19.40/124
22.76/58 26.78/319 37.19/58 26.61/319
= p< .01
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Table B3
Repeated Measures Analysis of Variance of the Change
from 1990 to 1991 of
Rosette Height by Transect for Each Population
Transect Year
Mean/N
Population (T) (Y) TxY Y,oTx Y^T, Y,,T̂ YsiT;
Charlie's
Gulch
F{1,387)=
26.21
D<.0005
P(l,387)=
67.99
B<.OOOS
F(l,387)=
.72
p=.642
9.61/344 5.09/45 14.56/344 9.51/45
Jerry
Creek
P(l,193)=
14.15
d <.0005
PCI,193)- 
27.41 
D<.OOOS
PCI,193)- 
21.54 
D<.0005
15.32/80 9.56/115 13.73/80 16.21/115
Dewey
Cemetary
F(l,298)«
12.47
B<.OOOS
F(l,298)=
33.44
D<.OOOS
PCI,296)" 
3.72 
p— .055
14.80/30 9.29/220 18.73/30 17.16/220
Vipond
Park
F(l,316)*
.28
p».594
F(l,316)-
11-31
E5=.t..P0l
F(l,316)-
.04
p-.83S
9.42/194 9-25/124 11.02/194 10.66/124
Lime
Gulch
F(l,375)=
.07
p-,792
P(l,375)=
160.52
O<.0005
PCI,375)- 
5.44
P-.020
8.79/58 9.76/319 16,19/58 14.85/319
= p < .01
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Table B4
Repeated Measures Analysis of Variance of the Change
from 1990 to 1991 of
Inflorescence Number by Transect for each Population
Mean/N
Y90T2 Y»lTx
Transect Year
Population (T) (Y) TxY
Charlie's F(l,387)* PCI,387)* P(l,387)m
Gulch 12.50 0.00 1.16
D<.0005 p*.988 p*.27B
Jerry F(l,193)= P(l,193)- P(l,193)=
Creek 17.29 6.94 6.94
C<.0005 D=.Q09 ITrPO?
Dewey P(l,298)= F(l,298)- Ffl,298)=
Cemetary 10,75 .17 1.63
o— .OOl p*.660 p*.203
Vipond P(l,316)- F(l,316)* PCI,316)*
Park ,18 7.97 .24
P».675 I D * .005 p*.625
Lime P(l,375)- P(l,375)= P(l,375)“
Gulch 10.39 3.45 1.94
EXst.OOl p*.064 p*.164
= p<.01
.63/344 .27/45
.75/80
1.60/30
.50/194 .40/124
.34/58 1.19/319
.98/344
.47/115 1.46/80
,58/270 1.27/30
.72/194
.28/56
.11/45
.47/115
.75/270
.72/124
.71/319
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Table B5
Repeated Measures Analysis of Variance of the Change
from 1990 to 1991 of
Inflorescence Height by Transect for Each Population
Mean/N 
YgoTi Y,oTa Y ,,T , YeiTa
Transect Year
Population (T) (Y) TxY
Charlie's F(l,387)* Pfl.387)* F(l,387).
Gulch 16.71 1.07 2.65
d <.0005 P-.342 p*.104
Jerry F{1,193)= F(l,193)= F(l,193).
Creek 24.12 17.28 10.56
D<.0005 D<.OQ05 D»,001
Dewey F(l,296)= P(l,296)» F(1.298)«
Cemetary 33.19 3.69 9.21
D<.0005 p=.056 Db .003
Vipond F(l,316)« F(l,316)« F(l,316)-
Park .35 41.81 .07
p«.S54 o<.0005 p=.785
Lime F(l,375)- F(l,375)= F(1,37S)=
Gulch 12.59 .53 6.58
d <.OO05 pas. 466 P-.Û11
31.81/34* 9.07/45 45.53/344 6.00/45
35.26/80 22.48/115 83.22/80 28.35/115
98.00/30 24.08/270 60.33/30 32.55/270
23.04/194 20.92/124 52.06/194 47/60/124
10.40/58 47.18/319 18.88/58 31.96/319
= p<.01
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Table B6
Repeated Measures Analysis of Variance of the Change
from 1990 to 1991 of
Fruit Number by Transect for Each Population
Mean/N
Population
Transect
(T)
Year
(Y) TxY Y^T, YgoT̂ Y,,T, Y,zT:,
Charlie's
Gulch
F(lf387)= 
11.39 
D= 001
P(l,387>-
5.17
P-.024
F(l,387)*
5.28
P--022
2.61/344 -80/45 6.90/344 .78/45
Jerry
Creek
F(l,193)^
18.07
Rf.OG&S
P(l,193)=
26.61
D<.0005
F(l,193>=
16.33
D<.OOOS
2.05/80 1.55/115 9.21/80 2.42/115
Dewey
Cemetary
F(l,298)= 
29.55 
P<-000.5
F(l,298)=
6.82
D-.009
P(l,298)-
5.54
P“ ,019
11.47/30 2,85/270 6.27/30 2.58/270
Vipond
Park
F(l,316)-
.39
p=,532
F(l,316)» 
11.37 
. 001
F(l,316)-
1.19
P-.277
2.56/194 2.76/124 5.27/194 4.17/124
Lime
Gulch
F(l,375)-
6.53
ps.Oll
F(l,375)=
1.31
p=.2S4
F(l,375)*= 
5.45
p*.020
1.10/58 4.62/319 1.83/58 2.51/319
= p<.01
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Table B7
Repeated Measures Analysis of Variance of the Change
from 1990 to 1991 of
Knapweed Distance by Transect for Charlie's Gulch*
Mean/N
Population
Transect
(T)
Year
(Y) TxY
Charlie's P(l,387)= P(l,387)* F(l,387)*
Gulch .22 84.03 28.34
p=.637 m<.00Q5 p<.QOOS
36.04/344 22.04/45 47.65/344 65.62/45
Only the Charlie's Gulch population was infested with 
knapweed
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Table B8
Chi-Squared Tests* for the Difference 
from 1990 to 1991 of 
Number of Bolters for Each Population
Population Number/N in 1990 Number/N in 1991 x^fll**
13/500 18/455 1.395, p>.05Charlie'sGulch
Jerry
Creek
Dewey
Cemetary
Vipond
Park
Lime
Gulch
29/241
56/483
86/482
16/493
2 5 / 2 4 7  0 . 4 5 3 ,  p > . 0 5
1 8 / 4 7 2  2 0 . 2 1 7 .  P < . 0 0 1
5 1 / 4 4 4  7 . 4 0 6 .  P < . Q 1
1 2 / 4 2 2  0 . 1 2 4 ,  p > . 0 5
= p < .01
Analyses were done by population rather than by transect 
to reduce sampling error, given the generally low 
frequency of bolting.
McNemar's Test was not done because bolting frequency 
rather than transition to and from the bolting form 
was the variable of interest.
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Appendix C: Tables of Size Structured Matrices
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Table Cl 
Fate of 1990 Plants 
Charlie's Gulch 
State (1990), 2 = 500
Fate Non-
(1991) Seedling Juvenile reproductive Reproductive Bolter
Adult Adult
Seed. 12
.1091
2
.0260
0
.0000
0
. 0000
0
. 0000
Juven. 29 
. 2636
8
. 1039
1
.0060
3
.0226
0
.0000
Non- 
repro. 
Adult
23
.2091
53
.6883
95
.5689
41 
. 3083
1
.0769
Repro. 
Adult
0
. 0000
0
. 0000
43
.2575
60
.4511
0
.0000
Bolt. 0
. 0000
0
.0000
7
.0419
10
.0752
1
.0769
Dead 46
.4182
14
.1818
21
.1257
19
.1429
11
.8462
S 1991 110 77 167 133 13
A  = 0.8172
cell ij Key:
# = 
.####
Frequency 
= Probability
Seedling: 1 to 
Juvenile: 8 to 
Nonreproductive
7 mm 
13 mm
adult: > 14 mm
Reproductive adult: 
produced at least one 
inflorescence 
Bolter
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Table C2 
Fate of 1990 Plants 
Jerry Creek 
State (1990), 2 = 291
Fate Non-
(1991) Seedling Juvenile reproductive Reproductive Bolter
Adult Adult
Seed. 0
.0000
0
. 0000
2
.0171
0
. 0000
1
.0345
Juven. 2
. 0870
5
. 1020
6
.0513
6
.0822
3
. 1034
Non- 
repro. 
Adult
16
.6957
29
.5918
41 
. 3504
19 
. 2603
1
.0345
Repro. 
Adult
0
.0000
3
.0612
23
.1966
13
.1781
1
.0345
Bolt. 0
.0000
0
. 0000
15
.1282
8
. 1096
1
.0345
Dead 5
.2174
12 
. 2449
30
.2564
27 
. 3699
22
.7586
S 1991 23 49 117 73 29
A = 0.6468
cell ij Key:
# = 
.####
Frequency 
= Probability
Seedling: 1 to 
Juvenile: 8 to 
Nonreproductive
7 mm 
13 mm
adult; > 14 mm 
Reproductive adult: 
produced at least one 
inflorescence 
feoiter
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Table C3
Fate of 1990 Plants 
Dewey Cemetary 
State (1990), 2 = 483
Fate
(1991) Seedling Juvenile
Non­
reproductive Reproductive 
Adult Adult
Bolter
Seed. 0 1 0 0 0. 0000 . 0106 .0000 . 0000 . 0000
Juven. 0 11 16 3 4. 0000 . 1170 .0705 .0341 .0714
Non-
repro. 11 47 83 19 7
Adult .6111 .5000 . 3656 .2159 . 1250
Repro. 1 4 51 24 1
Adult .0556 .0426 .2247 .2727 .0179
Bolt. 0 1 8 6 2
.0000 .0106 .0352 .0682 .0357
Dead 6 30 69 36 42
.3333 . 3191 . 3040 .4091 .7500
S 1991 18 94 227 88 56
X = 0.6288
cell ij
# = Frequency
= Probability
Eêy:
Seedling: 1 to 7 mm 
Juvenile: 8 to 17 mm 
Nonreproductive 
adult: > 18 mm
Reproductive adult : 
produced at least one 
inflorescence 
Bolter
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Table C4 
Fate of 1990 Plants 
Vipond Park 
State (1990), S = 482
Fate Non-
(1991) Seedling Juvenile reproductive Reproductive Bolter
Adult Adult
Seed. 13 
. 2203
4
.0625
2
.0108
2
.0230
2
.0233
Juven. 19
.3220
10
.1562
9
.0484
4
.0460
1
.0116
Non-
repro.
Adult
10 
. 1695
32 
. 5000
79
.4247
14 
. 1609
5
.0581
Repro. 
Adult
0
. 0000
0
. 0000
40
.2151
20
.2299
3
.0349
Bolt. 0
.0000
1
.0156
24 
. 1290
23 
. 2644
1
.0116
Dead 17 
. 2881
17 
. 2656
32
.1720
24 
. 2759
74
.8605
S 1991 59 64 186 87 86
À = 0.6625
cell ij Key:
# = 
.####
Frequency 
= Probability
Seedling: 1 to 
Juvenile: 8 to 
Nonreproductive
7 mm 
13 mm
adult: > 14 mm
Reproductive adult: 
produced at least one 
inflorescence 
Bolter
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Table C5
Fate
(1991)
Fate
State
of 1990 Plants 
Lime Gulch 
(1990), S = 49 3
Seedling Non—Juvenile reproductive Reproductive 
Adult Adult
Bolter
Seed. 0 0 3 0 0. 0000 . 0000 .0121 .0000 .0000
Juven. 2 10 16 9 0
. 1250 . 2000 .0648 .0549 .0000
Non-
repro. 7 28 150 62 1
Adult .4375 . 5600 .6073 . 3780 .0625
Repro. 0 0 29 45 3
Adult .0000 .0000 .1174 . 2744 . 1875
Bolt. 0 0 5 5 2
.0000 . 0000 .0202 .0305 . 1250
Dead 7 12 44 43 10
.4375 . 2400 .1781 .2622 .6250
S 1991 16 50 247 164 16
0.7859
cell ij
# = Frequency 
#### = Probability
Key:
Seedling: i to 7 mm 
Juvenile: 8 to 14 mm 
Nonreproductive 
adult: > 15 mm
Reproductive adult: 
produced at least one 
inflorescence 
Bolter
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Appendix D: Tables of Regression Analysis
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Table D1
Regression Analysis by Population of :
A. Survival in 1991 Based on 1990 Characteristics
B. Relative Fruit Number in 1991 (RFN91) based on
1990 Characteristics Plus 1990 Fruit Number
Population; Charlie's Gulch
Survival RFN91
Predictors
SG JKt JKtP* SD SG JKt JKtP ' SD
1990 Ros.No. .07 2.09 <.050 0.31 .21 2.93 <.010 0.43
1990 Ros.Sum . 34 7.27 <.001 18.17 .47 7.42 <.001 19.87
1990 Inflor. -.03 -.48 >.050 -2.81 — . 06 -.43 >.050 0.93
No.
1990 Inflor. -.05 -.67 >.050 -0.36 .08 .65 >.050 37 .17
Ht.
1990 Bolt -.12 -2.07 <.050 0.05 -.01 -.16 >.050 0.01
1990 Frt.No. .05 .29 >.050 3.38
F(5,493) = 15.659 
R= = 0.160 
P < .001
* two-tailed
F(6,382) = 34.237 
R^ = 0.350 
P < .001
Key:
SG: Selection Gradient
JKt: Jackknife t
JKtP: Jackknife t Probability
SD: Selection Differential
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Table D2
Regression Analysis by Population of :
A. Survival in 1991 Based on 1990 Characteristics
B. Relative Fruit Number in 1991 (RFN91) based on
1990 Characteristics Plus 1990 Fruit Number
Population: Jerry Creek
Survival RFN91
Predictors
SG JKt JKtP* SD SG JKt JKtP ‘ SD
1990 Ros.No. — .07 —1.15 >.050 -0. 26 .14 1.78 >.050 0.39
1990 Ros.Sum .03 .51 >.050 3 .80 .30 3 . 21 <.010 10.46
1990 Inflor. — .07 — .75 >.050 -0.32 .14 .56 >.050 0.50
No.
1990 Inflor. .08 .63 >.050 1.95 .12 .68 >.050 18.89
Ht.
1990 Bolt — .26 —3.16 <.010 -0.12 — .02 -.24 >.050 -.004
1990 Frt.No. -.12 — . 45 >.050 1.05
F(5,283) = 5.936 
R=* = 0.112 
P < .05
* two-tailed
F(6,187) = 22.219 
R^ = 0.164 
P < .01
Key:
SG: Selection Gradient
JKt: Jackknife t
JKtP: Jackknife t Probability
SD: Selection Differential
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Table D3
Regression Analysis by Population of :
A. Survival in 1991 Based on 1990 Characteristics
B. Relative Fruit Number in 1991 (RFN91) based on
1990 Characteristics Plus 1990 Fruit Number
Population: Dewey Cemetary
Survival_____  ________ RFN91
Predictors
SG JKt JKtP* SD SG JKt JKtP ‘ SD
1990 Ros.No. .08 0.16 <.050 -0.31 -.02 -.57 >.050 -0.12
1990 Ros.Sum .07 1. 28 >.050 6.20 . 30 2.95 <.010 12.19
1990 Inflor. -.10 -1. 24 >.050 -0.32 .46 1-95 >.050 1.06
N o .
1990 Inflor. .04 0. 39 >.050 2.11 .01 .08 >.050 23 . 85
Ht.
1990 Bolt -.19 -2.00 <.050 -.01 . 20 1.36 >.050 -0.01
1990 Frt.No. -.41 -1.67 >.050 2. 67
F(5,476) = 8.504 F(6,293) = 9.081
R= = 0.097 R"" = 0.157
P < .01 P < -01
‘ two-tailed
Key:
SG: Selection Gradient
JKt: Jackknife t
JKtP: Jackknife t Probability
SO: Selection Differential
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Table D4
Regression Analysis by Population of:
A. Survival in 1991 Based on 1990 Characteristics
B. Relative Fruit Number in 1991 (RFN91) based on
1990 Characteristics Plus 1990 Fruit Number
Population : Vipond Park
Survival RFN91
Predictors
SG JKt JKtP* SD SG JKt JKtP ‘ SD
1990 Ros.No. .14 3.30 <.001 0.09 -.01 -0.14 >.050 0.01
1990 Ros.Sum . 20 4.05 <.001 7.56 .51 10.04 <.001 13.69
1990 Inflor. -.13 -2.63 <.010 -2.52 . 21 2-21 <.050 0.51
No.
1990 Inflor. . 04 .60 >.050 0.50 . 28 2.47 <.020 21.94
Ht.
1990 Bolt -.32 -4.87 <.001 -4.80 — . 08 -0.98 >.050 -0.01
1990 Frt.No. -.31 -3.36 <.001 1.83
F(5,475) = 38.856 
R^= 0.330 
P < .001
* two-tailed
F(6,311) = 33,366 
R= = 0.392 
P < .001
Key:
SG: Selection Gradient
JKt: Jackknife t
JKtP: Jackknife t Probability
SD: Selection Differential
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Table D5
Regression Analysis by Population of:
A. Survival in 1991 Based on 1990 Characteristics
B. Relative Fruit Number in 1991 (RPN91) based on
1990 Characteristics Plus 1990 Fruit Number
Population: Lime Gulch
Survival RFN91
Predictors
SG JKt JKtP* SD SG JKt JKtP'' SD
1990 Ros.No. .01 0 .16 >.050 0.32 .10 1.67 >.050 0.23
1990 Ros.Sum . 19 3 .90 <.001 13.51 .38 5.31 <.001 14 .64
1990 Inflor. .17 1.27 >.050 3 .90 .17 0.85 >.050 1.42
No.
1990 Inflor. — . 19 -2.20 >.050 -8.96 .07 0.76 >.050 51. 32
Ht.
1990 Bolt .05 0.71 >.050 0.09 . 24 2.22 <.050 0.08
1990 Frt.No. -.17 -0.83 >.050 6.34
F(5,486) = 7.569 
R= = 0.085 
P < .01
" two-tailed
F(6,370) = 21.073 
R^ = 0.255 
P < .001
Key:
SG: Selection Gradient
JKt: Jackknife t
JKtP: Jackknife t Probability
SD: Selection Differential
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